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K 8643 

CCKDCCEim? HSftfrttS A OumEBBAKEW OIL 3SMB lO 
C9£ASS PEIKPBTT.m AND ^IBSFQUVKTIV FTOTCCC OIL 

Bus invention rala-bse to xecovKring oil. from a a ubt»cra n<ao 
oil shale by rwuw of « cooSueUvo heat drive prmm, Jtore 
particularly, the invention Telatea to treating a relatively thick, 
and substantially cxxplotaly inperoeable solrterranc^ oil anal* by 
5 soaos of a. condiwtivc boating proaMs which both crates a 

perro&abla zona within a selected portion of the oil shale and 
-wbwquejytly prockjoea shale oil fcrytaooarbone. 

A p»TT»ebmty-aJdad type of conductive teat drive far 
producing oil from a subterranean oil shale ihk invented in Sweden 

10 hy F.LjufigetWMa. That process, which vaj invented ■boot 40 years 
ago, was ocarorcially used on a swill scale in the 1950s. It i» 
dcaorihad in Swedish Patent* No*. 121,737) 123,136: 123,137; 
123,133; 125,712 and 126,674, in Doited Strtaa Patent 6b. 
2,732,195, and in jonmal articles such ass "Vndmrgrrxrrl Shad© Oil 

13 Pyrolysia According to the Lj ua^troa p Marhod*, IVK Vbhsm 74 

(1953) No. 3, pegas 110 to 123 , and "Net Bnsrgy noravorie* For the 
in situ Dielectric Heating of Oil &ale H , Oil Shale Sympashttk 
Proceedings 11, paqe 311 to 330 (1978). Id the Swedish procaea, 
fca*t infection wells and fluid producing valla were ooapleted 

70 within a penreable itear*-*urfaca oil abala ftanaation so that thero 
was loss than a tfa xwimt re separation between the borehole*. Che 
heat injection wells were equipped with electrical or otter heating 
eloraouta which were aszownded by a nees of oaterial, such am eand 
or eansnt, arranged to tranaait teat into tfaa oil shale while 

25 prevent!*? any inflowing or outflowing of fluid. In the ail shale 
fox which the Swedish process was deaignad and tested, the 
parneahLlity was such that, due to a crgrrinq-joa inflowing of ground 
water, a continuous pcKplUfUUL of water wee Deeded to avoid 
wasting energy by evaporating that water. 

30 With respect to eubetaritially ccepletoly i^potssaahle, 
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relatively and mlauivcly thicx oil Ghale deposits, such oa 
those Vn the Piceance Iwwla la tbs Itoited states, thi passihUity 
w£- utilizing a <xuduotiv« hasting process to prafceioq oil k&s 
prevlouaiy eonsictonM to be — acoatdij^ to prior teachings and 
beliefs — *vr*icaically isifaasible. for axorpls, in tta 
ahewe-iaontifiad Oil 3bAlo Syu*x*nj«*, the Lj u^w Uuw proooaa la 
characterized cm a process which •..♦aucceesiully recovered shale 
oil by flotedding tubular alecLrLtnl beating elcmasta within 
hi^v-^rads shale deposit a. This method raliad on ordinary thenal 
diffusion for «h5j.o basting, Wiich, of course, reoniTe* Largu 
tanpenrattira grarfisnta. *hua r hrrrHng was vwy noo-na^iforioj jcaathc 
vox© required to fully rjetorc snail rnoa-sjta block© of rfvsl*. 
Also, laieh boat energy was seated in uyuk^fcoating the stalls zmqirtw 
bnyend the pardfihery of the retartJi\g zone end cvexhsatdna the 
Khala closest to tha heat saoroa. Tha latter problao is e«peciaHy 
important iu the cam of Eastern shales, since tbeottd anarqy in 
overhuarbad zona*, cannot ba folly recovered by diffusion duo to 
ctsdotborntlc reactions which taka place above afaojt $00 •C," {page 

In substantially ixapernsable typas of relatively thick 
&u)rt*rxanean oil shala farations, tba exacting and oaintainiog of 
a pcxfflcabia acne through which tha pyrolysis products can be flowad 
Has been found to ba a severe prubJam, In u?> Patent Kb. 3,468/376, 
It is stated tin cola. 1 and 2) that. "There are two l exhanlassi 
involved in the trans port of beat through tba oil shale. Heat is 
transferred through tha aolid mas* of oil shale by conduction, tt* 
boat iu alao transferred by convection through tha solid vase of 
oil shale. 5te t ritnatc r of heat by conduction is a relatively alow 
process. The svaxage ttwrsel oondoctiTity aod average tberoal 
dlffoslvity of oil seals are about those oi a CLectrlcfe. Iba natrtx 
of solid oil shale baa ao extreaaly lev parxeebility men lite 
unbiased porcelain- As a result, the ccwcctive transfer of heat is 
Uadted to haating by fluid f lose obcaiood Id open channels which 
traverse the oil shale, 'Ibes* flow enamels say be natural and 
artificially induced fractures. ... On hasting, a layer of 



- 1 - 

pyxolyxfid oil dial* toil 14s adjtcant tha channel. T5ds laywr is on 
inorganic Hineul antrix which oonticuui varying dagroes of carton, 
ttic layer i* «n evcr^xpondir^ harrier to hart flew ten the 
heating fluid in the chaml." Tfce patent Is directed to a process 
for circulating hnatad oil fchaOa-pyrolyzlng fluid thenough a flow 
chaone3 while adding abrasive particles to the circulating fluid to 
erode the layer of py*>iy*ed oil shale being toned ad j treat to tto 

nlthoogh the thsaiBal conductivity and thoomi ditttto.vity of 
many «r>t*rraiK*n oil shales are, is feet, relatively sassUaT bo 
those of uogLued potTelinn and firebrick, UR Patent No 3,217,689 
postulates that "a rapid ariwmcm of a iwat front- (Col. 3, line 7) 
can be obtained by exchanging bast b et a ke n the oil shale and. a 
nuclear reactor ctrjlina fluid and describes systems for wring such 
reactors either located on the earth's surfsce or In the oil anal* 
deposit. 

X5S Fatoet No, 3,2M,281 any* (at Cel. 1, lines 3-21), "The, 
production of oil from oil chals, by heating the shale by various, 
naans such as ... an electrical resistance heater ... has been 
attefti?tsd with little success* , . . Fracturing of the shale oil 
orier to the application of beat thereto by in sits or 
other means has been practised with little success because tha 
seals hmrUs upon J waring with consequent partial, or ocaplrt* 
closure of the tractura*. lbs patent describee a process of 
sequentially heating (and thus Milling) the oil ehala, then 
injecting fluid to bydreulicaiay fracture the moUsa shale, then 
repeating those steps until a beat-stable fractal© has bean 
propagated into a p roAttLioa well. 

US Patent !*>. 3,155,383 describee the aocDBBilatlCP of 
par ti a lly depleted oil shale gj*Lp » *i »g within a flow channel such 
as a horizontal trecturo being held open by the prassnre of the 
fluid within the channel, tne patent discloses that if the channel 
roof Is lifted to ssrtntain a flow path above seen a layer of 
dapJered shala, the overlying fbenatiops east he bent and, without 
precautions, will bard to an extant causing fractures to extend up 



to tha sorfaco of tha earth, Vcc patent Id directed to a pca^ of 
intArndttaniJy reducing the pressure coo the fluid within sucti as 
fracture to olio* the weight of t±m overburden to crush end compact 
the layer of depleted stole. 
5 Tn a alytiificnnt portion <ti sifcetantiaUy inporaable and 

relatively chic* oil abala deposits, nxdi aa those in the Pioasnce 
Basin, a valuable resource erf aJUmniin is present in the Xora of 
dawsonita. In OS Patent MO- 3,339,97$, directed to recovering 
atmcdniOB vain** fron retficrtsd oil shales which hn*e baan rained out 

(0 fron aoch deposits, it ia pointed out that, In a substantial 

absence of veter, at tenrwatures of about L3Q0 *P the dewsonita is 
converted to crystalline eodiun alujeinato. Such a wa ter- f re e 
retorting cao (accnpoie doloailba in the shale to produce carbon 
dioxide, calcitn, and tjaortssiufi oxide so that nagnesiua oxide 

35 conbinee with part of the aiJLicon dfcarfoe in tba »hale, in a naxmer 
pe rm lttaog a higher recovery of tha aluninlUB valnas by a lo*^"? 
process, us Potant «o. 3,502,372, directed to PtULdng solution 
xorong to recover dawaoni tae, indicates that where the pyrolymi* is 
effected by an aqueous flrilrl, such as ttn or tha products of 

2Q uodarxjronai c c a t u stiop, it nasi be rrrv%y««H *t a low taraperatkirtt 
and Una relatively elowly, to avoid converting the dawsonita and 
other soluble aluniniae compounds to an insoluble seterial such as 
analeite. In 0? Patent ftx 3,572,838. a slailar relatively lew 
t e oyer a t u re pyrolyada is a l to mata d with infections of an aqueous 

25 alkaline fluid containing an acid-insoluble chelating agent to aid 
in Ipftch i n g deweonite without rozrdog such insoluble aaterials. 

the presont invention relates to a ptoceee for condoctitfely 
heating a anbterranean oil abaie nxxsticn in a tecrar erraeo e d tor 
oroducijng oil £rm a enbtarranesn oil ehaie ^TffHirr> which is, 

Xi initially, substantially i j^a j ueaU ls. In a cc o rdance with this 
invention, the portion of oil ebale deposit to be treated is 
selected, on the basis of the variations with depth in the 
composition an properties of its ocerjonente, to have properties 
capable of intecaoting in a Mcner which enhances the tmlibenity of 

35 the heat fronts to en extent Halting the tine and energy 
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oxpeaditurea producing tha oil to values equivalent to less than 

the value of tha oil whica la product*. The aelection of the 

treateent interval la based on tha grade end thickness of tha 

portion of oil shale deposit to b« treated and the enhancement it 

pro v Ida a amounts to ra duo log the amount ot beat energy loet due to 

exothermic aide reaction* and increasing tha amount oi oil 

recovered froa a given grade of oil ehele. 

In accordance with this Invention at least tvo valla are 

conpLeted Into a eub terrene an oil shale treataaat interval which 

la substantially impermeable, containe substantially mo mobile 

water, la at least about 30 a thick, la capable of confining fluid 

at procees preoaore, at least substantially within the treatment 

interval, and contains a grade aod thickness of oil abale such 

tbat the average grade la gallons of oil plus gas equivalent per 

too by Fischer Assay la at least aboot 10 and tba product of the 

grade times the thickmeea la metres of the oil shale la at least 

about 900. 

Th.na, the present invention provides in a process Id 
vhloh cil is produced Croa a subterraaean oil shale deposit by 
extending at least one each of heat-injecting and flu Id •producing 
malls into the deposit, astabllablng a beat-conductive fluid* 
impermeable barrier between the interior of each heat- injecting 
nail and the adjacent deposit, and then heating the interior of 
each beat- injecting well at a tenperatuxe sufficient to 
coudcctively heat oil ahale kerogeo and cause pyrolyaie products 
to form fractures within tha oil shala deposit through which the 
pyrolyaie products are displaced into at least one production 
veil, an ianrovement for enhancing tha uniformity of the heat 
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fronts moving through the oil shale deposit, which campriseer 

determining variations vita depth in the compoaitioo and 

properties of the oil itun deposit; 

completing **id heat-in Jectiog end fluid-producing wello 
selectively into e treatment interval of oil ehale in which 
the oil shale deposit (a) la ax least about 30 a thick, [b) 
ie substantially impermeable and free of mobile water, 
{c) bee a composition and thickness such that the product of 
the average rischer assay grade times tb.e thiekneaa of the 
treatment interval la at leaet about 900, end <d) thereby 
contains eoftponenta cegable of interacting in a manner 
enhancing the uniformity of a front of eondcctively 
transmitted beat, with aaid wella being arranged so that, 
at leaat substantially throughout said treatment Interval, 
the veil boreholes are substantially parallel end are 
separated by subetoatlelly equal distances of at leaat 
about 6 a; and 

within the interior of each heat-inj acting wall maintaining 
an average temperature which, selectively along said 
treatment interval P is at least about soo°c, but ia not 
high enough to thermally damage equipment within the well, 
while heat la being transmitted, eway from the well at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the well. 

In a looatloo in which a subterranean oil shale may 
contain portions which axe generally suitable for use ee a 
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treatment interval (as described above) but Are ape to bo 
P*r»e*te4 by substantially disconnected natural fractures And/ or 
planes of weakness as well as being located near boundaries of the 
oil recovery pattern and/or near a potentially eetiva aquifer, the 
operation of the present proceso can advantageously be combined 
with a use of *guerd welle" located near the periphery of the oil 
recovery pattern ud/oc between a production well and an aquifer. 
Bach guard veils are extended at least substantially throughout 
10 the vertical estent of the treatment intervals end the adjacent 

formations are initially heated by thermal conduction in a sanner 
similar to that enployed in the heat-injecting wells, except that 
the guard wells are netted at temperatures vhich are too low to 
gasify significant proportion of the oil shale organic components 
but are high enough to cause a significant thersal expansion of 
the rock matrix of the oil shale deposit. 

in sons instances, it aay be desirable to maintain each 

a 
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relatively lew tarperatwr* guard veil heating tftrojghoat at least d 
substantial portico of the shale all recovery proewm. in other 
instances, altar an initial relatively law tad^sratuw heating of 
the guar* wlls, it My ba oovontDgeoua to haax guard wella ot 
5 about the tweperature selected for the hsat-iJrjectiDg MtUe, io 

order to expert the pattern of Mile fro* which oiJ io displaced by 
thernal carduction. 

An used heroin regarding the grade or the portion of oil shale 
to be treated, the "auenag* grade in gallons per too by Fischer 

10 Assay" refer* to the following: Oie detarad nation is or La 

equivalent to a datarnanatinn cepdacted gubeteotially m* d es cribed 
in the fiCttl Standard T**t ftfethod li 3904-60. crushed raw stale ie 
aanpled by riffle-splittiag. Tbm deta»dnaticn of tbo atnxsit of oil 
plua gas equivalent available*- froo ail shale is node by heating tbo 

35 raw shale fztan ambient C«qperaturc to SCO *C in ceet aiwxtnxte- 

alloy retorts. The vapour* dietilled frost tho sample are cooled and 
the condensed fraction la collected, The oil and water fractions 
are separated, the Hatter volutti < converted to weight equivalent) i* 
nnafiored and enbtzacted fro* the oil pins «et*r neigjbt. weight 

20 of uncondonsahle gaaaa evolved <gas-plus-losa) if than calculated 
by difference. t 3hs grade, ne ueed in the "grade tines thickness io 
rrctree of oU shale" product, ia the gallone of oil plus 
hydrocarbon equivalent cc c ro spo pdinq to the total wight of nil 
plus hydrocarbon gas evolved by the heating < 

?5 The valla are completed into the breatn a nt interval and are 

arranged to provide at least one each of haat-injectina and fluid* 
producing valla having borehole* which, aubetantiaUv throughout; 
the troataant Interval, are aufaetantially p^i^ end era 
separated by gitotantlally equal dierenreu of at least aboot 6 flu 

JO Io ttoch Ja«t-iirjecting veil, substantially throughout the tr a ata a wt 
interval, thb %*Ul-«urxoanding faae of the oil shale fixaation its 
sealed vith a solid ntexlal and/or ceoant which ie relatively heat 
corrfa=rti\¥» and substantially fluid Inyernpahla. In each fluid- 
producing wall, substantially throughout the tansaftt interval, 

jo fluid 03B*siication la AstabUsbed botuaon the wall borehole and 



£288043 



tin oil shale foornaticc and the well is arranged tor producing 
fluid iron the oil dude famatim. ictericc of oadv 
heat-in jectiro, veil is boated, at laast nbiturt;jaUy tlocrj^bcut 
the trcbtwnt interval, m a rate or rates copabia of (a) 
5 increasing tiki taajaarwtar e within the borahola intarinr to at lease 
atojt 600 *C and (b) saintaining a borchola interior tivsaernture of 
at laast abcut 600 *C without causing it to beccaw high sough tn 
thc,cmlly dosage aqatjPeut within tha borehole vhtte the rate fct 
Which beat la generated in the borehole ia sob*tictJ#3 ly equal to 

jo that peradtted by the heat crjndoctivity of the oil whole fantion. 

In * preferred cfltodLDaczt of the present process, the notarial 
for seeling the face of the oil fihala tonal inn along the borehole* 
of at least one beat-injecting well ia a closed faottrn nwring 
qrantad by ocownt Arranged to fiU substantially all of the space 

15 baovasn each oatemotft xwtallic' alamort present within the lntt>rinr 
of tha trnrthnla and the adjacent face of tha oil shale fonmtion, 
with said cement having a ttoxxal ooDdcctivity at laaat 
eabfftentlally as high as that of the oil shala fiomrtioo. 
Qetexnin&ti^ns are aada of variations with depth ia the 

20 cxnpoaiticKi end properties of the oil shale deposit and, in a 

particularly preferred petxedure, based on tha variation with depth 
in the heat conductivity of tha oil shale deposit < tha heat- 
injecting wellq axe hasted so that relatively hiajw bsspexaturo* 
are applied at depths adjacent to portions of tha oil shale deposit 

25 in which the heat conductivity is relatively lor. In addition, or 
alternatively, in various situations, tha effective radius of at 
least one haet-in}eoting wall is increased fay creating an expanded 
portion of the vail becohole and extending haat-coeriocting wetal 
eJeaenta fron within the heated well interior to near the wall of 

30 tha expanded portion of the hotehol*. 

The peasant pr oce ss Is valuable for use within e taesowjnt 
interval of oil shale which contains other valuable sdneralft such a* 
dseaonice and/or nahcolite, in soch a aituaticn the present yeaaasa 
creates a perxcehle sone which is selectively located, within the 

15 treatnent interval and eabstantially within the hcoadarics of tho 



vail pattcsm u*x* lor the oil production, The resultant pcnasoahle 
1* a zoocm £rca which each other ctinerals can be enlntlorw 

TOAed* 

In general, the present invention U applioablfl to 
5 substantially any subtccranaon nil iOial* deposit containing on 
interval of eutoetanHally iiapoxtaaabla oil eha]« which is 
substantially free of wottle *awt\ is rurc than tat 30 xi thick, 
and has an adequate over»<je grade In gallons per tin (Piacher 
Assay) to give a grea^ thickness product of about 900 or greater- 
10 The aworogc grade of the heated interval should be greater than 

about 10 gallon* par ton (Fischer Assay) . Within these linitaxJLonc, 
a higher giarie-bhicta»ee p r o d uct U iaroasingly desirable if other 
condition* such a* depth reaaln the sane. 

tt« invention trill new bo explained in greater detail with 
(3 refroroe to the aoosopanying drawisge, in \aaichi 

Figure 1 «bovs a plot of relative rata of return (BR) for 1982 
US dollar* invested in installing and operating the prooo&s of tha 
prosont inteaxtioo, aft a function, of oil ahala grade-thicfcAO&Q 
(GCTH product, to prodooe shale oil at ite 1982 valos, 
20 Figure 2 illustrate* a plot of theroal profiles at an 

observation well regarding teepsrsi n r ee aemsursd at different 
depths (D) and tieaw within that vail. 

Figure 3 is a plot of the radial tharaaJ profiles at the 
middle of a heated cone alter different tinea of heating. 
23 Figure 4 is a plot of theml conductivities parallel end, 

perpendicular to the tedding plaoee of an oil stale as a function 
of tenpererture. 

Figure 5 is a graph of Fischer Assay yield wttto depth CD) in 
and abova a mated portion of suboerraraen oil shale. 
30 Figures 6 and 7 are plots of horizontal and vwetioal 

tanpe r afca re profiles within a heated portion of eubbgrransen oil 
shale fomation. 

Figure 8 is a ectwattio illustration of a pnrHnn of a *eJl 
completion erreng e seri t roi table for practising the pree a nt 
3s indention- 
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**M pattern used idr the oil pr eduction* The resultant pcrncebla 
zone U a 20K» £jxo whicb each other ctirt'^al* can ba «U»t1on- 
mned* 

In 9*oaral, the present invention ta applicable to 
5 substantially any subtra^mean oil anal* deposit oootaioing an 
interval of eiejetanttally iDfgjgttttable oil which is 
aubatarrt lally £rco of eobiTe KatiSL* la tuct: than acnut 30 n thick, 
sad has an adequate oversea grade tn gallons par txao (Fischer 
Assay) to give a greae-thickneas product of about 900 oar greatsr. 
10 The auorage grade of the heated interval rfxuld be greater than 

about 10 gallon* per -ban (Fischer Assay) . Within ttan linU^UonSj 
a hl^har oTa^bhietaeea product is Increasingly desirable if other 
condition* such a* depth rcoeln the ran*. 

Tha invention will new be explained in greater detail with 
(5 reference to the accoopanying drawings, in which* 

Figure 1 enow* a plot of relative rote of return (BR) for 1982 
us dollars i nveste d in inatalllag eod operat ing the pr oco a s of the 
present infrgnHon, as a ftn ac t loa of oil ■hale ijreilo thlctoija 
(GrtZHl product, tr> produce shale oil at its 1*82 veins, 
20 Figure 2 illustrates a plot of thezml profiles at en 

observation well reeajcdliig tegpareturaa oeeeared et cOtfvrcnt 
depths (D) end tieee within that veil. 

Figure 3 is a plot of the radial thsraal profiles at tha 
udcSdle of a bested tone alter dixrerent tinea of heating. 
23 rigor* 4 is a plot of thecal ocoductivitiaa pecaOlel and 

pecpandiculsr to the tedding pleoee of en oil shale as a function 
of tenperature. 

Figure 5 is a graph or Fischer Amy yield with depth (D) in 
and abovo a heated paction of subterranean oil shale. 
do Figures 6 end 7 are plots of horiaomal and vertioal 

tsncecabure profiles within a heated portion of subterranean oil 
shale fbxnetion. 

Plgnra 8 ie a ecteeatio illustration of a pretim of a well 
conplation arrang e men t roi table for practising the present 
35 invention* 
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tax sand, Ljuogstrost taaches ehafc tba in aitu heating and 
pyrolyzing ahoold ho dona in a poetic© of the ijopan»5aj>lc fonestion 
vhioh 1^ vertically contiguous to a well- intur cuttactioq fracture 
or a layer which ho a different oaological character and is 
5 permeable to flow of the fluid product* of tbe heating or 
pyrclyjiifl. 

Contrary to the implication, of such prior tfwehinos axri 
beliefs, ajjptlicanta foacovorad that the presently described 
cmAxtive heating process is cconoalcaJJy fieaaible for use in a 
10 substantially iaperareable subterranean oil shale* Thie io mt 

obvious, particularly in view of the fact that tha presjant process 
uses a mica larger well -^wring than that ueod in tha Swedish 
ptrxaess and tfaa present precede la uuuduulad by heating tha 
injection veils to tanpsraturee of at least about 600 *C jaltboogb 

15 600 *C baa baan amid to bit conducive to an economically untenable, 
heatHwasting, a ndjt h ea alo reaction^ see the Oil Shale 9yxpoadi*i 
Proceedings rapmlnnert above). 

By aesns of laboratory and field test aaasuicie ata and 
awHw a n a Hct l nwrtels of tba present proooaa r applicants have found 

20 that whan tba walla ar* spaced, completed, and operated ea 
presently described, the only region in which beat energy is 
utilized in an endotbsnoic reaction aaoocts to lea* than aboot 11 
of tba area to be heated, and tha energy lost in that fashion La 
ineagnifionit. Applicants have oaa&urod the rate at which 

25 aubatantially iaporjMabla oU shale feemtions ara baatad by 

ccoductivity, and have detadHinad the amount of host ressxLred for 
pyxolyeing ksrogsn and thexDally pnessttrising the pyrolyeis 
products to preeeureo capable) of t ract w r in q a relatively deep oil 
*haie Oc naatlca and tfcexnelly dieplacdng pyxolyeis ptadtact* through 

30 tba yo-cre*bed perxaablUty, 

Tbe data obtained by such eeaaarenents in tbe field and in the 
laboratory nana been employed in oaloulationa of power regulxe- 
aenta, eooncnLos, tin to etart pmrtyrtlnn, project duration* 
aooont of jixductlon, etc., in sathsaatioal siJBJlaticm that 

33 correlate with tho field and laboratory data and indicate the 
oognitades of such factors in respect to a full scale process. 
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Thorn calculations indicate that th* presently defined proce*a ix 
the only shale oil yrertncttnn ptwow of which applicant* are won 
which ia capable of economically (Staining col to» a relatively 
lew grade oil uhale forma ti/>n, roch as era in *hich the Fischer 
Assay 39 only 15 gallon* or la** per tec. Thie capability can 
incrcaflw th* petrol wo rw*trvosi of a aits/a Qorat proportion of the 
oil shale land* by a iectar of six. In addition., with respect to 
proaeesec for \»dBrgrou)ki inning and tajdified in titu retnrting ol 
oil i*mJe, the preeent prccaaa ai^ifkantly inrzjx&eco the aaovrtt 
of availahla resourcee by eliainating the nscd far sifpart pLUmm 
and lUtarburdari between anning zorw* and by providing a rams nor 
treating substantially all of a very thick interval of oil shale, 

Ttm present proseee ©an eoVerttagoouyly ba allied tD *x> oil 
anal* fozention in which there i* significant oancentratiQri o£ a 
nQiwal such a* asBronita or naboolita. In audi a foaaation the 
proa*** provide* a pexneabla none from which *uch a nioaral can be 
rooovaxad. in addition, tbc preeeot procma ia particularly 
advactaoacoa in convarting dbweonit* to wator-aolofole caapoun da of 
alia rrinlim (probably tho-olmiina) which have bean (both chsndcelly 
and physically) marie available fox aolution-srinlng to prodnc* the 
alttrinina — ao aaaantdal tutorial which is in abort m*?ly vitirin 
the Wdtad States. Id contrast to worry previously proposed 
proceesoe, the process of the present invention requires bud - 
stantiaUy no water, involves irim*al IatA disruption, end can be 
ccoductad witt BdniaeJ atxospbaric pollution. 

Fioxure I above the relativa race of return for. 1982 US dollars 
invested in installing and operating the ptooaee in field 

applications that have boao aetheaeiticelly — ^ny* fro* a*ta 
obtain** by field and laboratory mmmxrmatts. 

KCTPLC 1 

A wria* of injection and production well* in drilled into an 
oil whale XbOKUtian 4B a in thiefcnese with 120 a of oaqrb c rteaL Tha 
average, oil grao* of the interval ia 20 gallon* pax ten as ctetar- 
ained by fleeter Aaaxy. 

well pattern ia a Mavo&^xA. with each heat injector ab 
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tbe comer of a regular hexagon surrounding a cosatml producing 
vayll. The spacing la 22.5 * batsman producers and 5njectx>ra. Ih* 
pattern repeats with pnAjocra yhoring the injectnre In easto 
direction m oontinaaa to torx a field-wide pattern capable of 
3 proSuciag a lar^a quantity of oil. The injector-try^pralxsir ratio 
anpocoachM 2 to 1 in a Isxga fiaJd. Tn Stasia 1 tbe total oil 
production is 29,000 barrels par d*y throughout the lifu of the 
project. 

The injection wells eLectrical haabars ara onvntM into Che 
JO fCKBtttion and connected to a power souroo on tbe anrfsce. Tha 
production valla aaoo equipped, with standard oil field purpa fox 
lifting the prodoced oil to the surface n» electrical injection 
rate i* 3.23 x 10 6 mU/weLl per day. The te mau-aUiia of tha 
injector* attain* 750 »a the prodoction vdla raacb a tersdml 
13 tanparato© of WD »C after 33-34 year* of operatico. Prodoction 
ovwr thia prriofS «vexagti 5-6 barrels/day par wall, with the 
average aua±wr of active prooDdng wells baiag tree about 400 0 to 
5000. Boat eoj^sajiion ia 1.1 x 10 S BiU/barrel of liquid oil 
projection* 

20 Gaaacus prodocts collected fro* the pcoducticn vails ray be 

nittd for on-sibB generation of electricity or otter purposes. Sat 
oil-phaao petroleum *hicfa ia so prodooad Is saperior to con- 
YentixiaUy retorted shale oil. Taa relative rata of return which 
oan be expect e d from the ftsaple 1 citcaticfi is mustratad by the 

25 "EX. 1" AitnatioD designation on Pionre I. 
WWPLB 2 

A eariaa of injection and production wells are drilled into an 
oO. shale fcopatioo 225 a in thickness with 300 n of overburden* 
The average grade of the oil shale interval la 26 gallons par ton 

:V) as cefcernined by Fischer assay. 

Tbs vail pattern is the same *o v » spot daecribed is Bcsnpla l 
exopt the apadog ia V3.5 » between mils instead of 22.5 a. Total 
prodcctlan la 25,000 barrala/day txouqhoat the life of the project, 
Tbe Injector to prodjcar ratio still approaohaa 2 to 1 . In the 

35 sella, the beaten and production aquipaant am sdadOaT to those 
dtecxibed in feart?le U 
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'Aft aJcctrioal injection rata is 10.55 a 10* BTO/wall ptr day. 
TVu in-j«rti/*i well ta^oratuzaa twaeh 750 'c and tbe pmiuctim 
wells rati) a final tcopcratur* of 300 p c after a pxo&ictlon Ufa 
<rf 9-10 yearn. ProdHct lon ovwr this poriod ovoragas 42-43 
s baroVlfiAfcy per wll r with tha average mjuUtr of active proteing 
wall* being abcut 600. Thf* heat censucption Li 5«6 v 10 s STO/banel 
oi liquid oil prodboocL 

A* in ftraapl* r # gaseous products cm tm usad fw oo-tsltu 
power gcHQxatioo or othar purposes and tha liquid product viU bo 
10 faignar in quality than conventionally xctor to d chela oil. Tt« 

xnietivw rata of return which can torn expected la illustrated fay the 
•DC. 2* situation assignation on Pigum 1« 

table 1 Hats OTttoLfwtions of oil, shale gra4a*r ttiic^swase* 
ard ?rade^tnlckDS08 proajcta ^which are generally auitabl* for vn 
■ 5 in the preaant process Its* ralativa position* of such grad» 

thi<*nass product* vith respect to tha xalativa rate* of financial 
xetwn are illustrated by tha desloMtions "Preferred Range" <P,R«) 
and "IspaeiaUy Freforred Stage* (B.P.p.J on figure 1. 



TftHLB 1 

flgge <callopa7tDD) PUx*ness jyj Grade x gtfefaaaaa 
30 30 900 
20 45 900 
10 90 900 

Marti desirable grade thicJcnoss avaaplea axe nho*m as tbUcwss 

Grada fgailooa/tan) MUcfcnofiS fta) Qrade x Thddcnaag 

30 ISO 4500 

25 60 1500 

20 300 6000 

IS ttO 9000 

ID 225 2250 

20 lo oaraaal, tha higher Che grade thickness product tha rare 

uaaixuble. Tha practical application ia United only by ttw ability 
to heat tJae deeired interval. 
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Field Vnsl ltaaaxaaacapte 

Ttest» war» oondtttpfaad in on coecropping of an oil s hale 
foraatioa which is typical of atfwtsntialiy lapMmpg bla «v5 
relatively thick oil ahair dapoyita. Thirteen borobolea 
drilled to daptha between 6 and 12 at and ww arranged to provide e 
pattern of beete-injectim, obeervation and lluLd-ptzodactioo wslla, 
*dth the borehole* Laiog spaced About 0.6 a apart in orte to 
provide a relatively rapid acquUHUcn of data. Boat we* injected 
at a rate of about 1000 watte par tokj* for five day*. Aftax the 
heat-injection wall tw qp erato aoe hod ranched 450 •C, a tttaparotura 
faJ.l-c€f test was run for coe day. 

Fignre 2 shows the vertical thenal proinnw in on observation 
well, as a function of tiao. The dote *ae fitted to a antfceae&icaX 
solution afeficrihix^ the tcnparetura diatribation arard a 
finite-length lim aonrca inside a jeftdiun of tbexsal oaodttctivity 
(parallel to bedding 3.25 aceXtep-aec-^C aod thanal oarelactivity 
tpe rpanri i rti^ a ij 3.25 sorI/opi eee *a the ^nifin heat onpecity 
utilised in the calculations was cowpiteil fxen the thexaol 
c o nd u ctivity, thatnal dUfffcsivitv, and oversea bul* density of 
ooree recovered durin? drilling of the well*. The tlagaapbysical 
pxopertiee the the oil bhala in which the teats vara cendacted 
are sqgiarigttd in Table 2. 



Figur* 3 aba* radial profile* coeputad te Che ttidJla of th» 
hoatod 20m for varjooB beating tUmm (ti * At the end of a 
tjeajpeaPBtM EO hul Irl— up teat of! 140.5 hours r tba average fbnretlon 
teqp e eatue o lmhiean tfca boatax and cbeecvatim well mm 120 °C. 



Initial Reservoir fla aajamtnr m> 
FiecJwr Assays 
DulX Density 1 
Thonnal Difxucivityi 
Specific Ocat capacity: 



9.6 *C 



20 gallon/ton 
2.20 go/on 3 
6.6 x l<f 3 an 2 /aec 
0.224 oal/oa «C 
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Pigure 4 shew? a comparison of labonrtory vaUms *nrt field 
data relative to the thsxnal conductivity parallel tn and 
perpendicular to the bedding plane* of the oil ahold Carnation r mm 
a function of bae y aratu ga. The laboratory conductivity pccaureaenta 
were i*dc on adjaeaot aaeplaa of acres frao the observation vjcII, 
ujung -ojne core* cut parallel to cod norm cut p«rpe«ndicular to tho 
bedding plane** A rtf trogan-e*lice©hare woe uaed to eliarinafa 
oxidatioD xeectim. Tha sataples wra ccoctrained in tho vertical 
direction but vara frw to expand radially. After the aaeplotf vara 
heated to WO *C # the radial expansion i v atie j \.45%. As ehcwi in 
tha figures, the laboratory valuer ore in axnallBFt igr w aw t with 
tha valuea ccnpjted tjxm the field data. Tfao te«t» indicate that 
the thence! conductivity ia lover in the direction pcrpaodiouXar to 
tha bedding plane, because kaxogen layers have a loeer candoctivity 
than tin dblcraite Petri** At tenpeucatures below 100 "C, tha thanaU 
conductivity in eeuanfcially iaotrxspiCr as observed in tho fiold 
tests. But, that onwiinHvity leuiaja increasingly anisotropic, as 
tha kaxogen is xtnoved (at taapacatsxaa taetween 300 and 400 *0 and 
gas begins to occupy the spaces between tha layers. Jbove 700 *C, 
both tha parallel and perpendicular conductivity dactaa e a aharply 
due to the dacoapofliitixvi of the cblcadte and evolution of co^. 

When a subterranean, oil ahnle ftumit fan ia baated the oil 
ahaia appends as tha boqperature increase*,. Oesi the oil ahala 
tea^uratura xeacbae a fcarocen pyrolysing tenperature (far maple, 
free about 27!^325 *C) additional aipanricn fences are generated* 
The kerogen is converted to fluid* capable of occupying a larger 
volua* than tha kerooan, and each fluid* beocue increasingly 
prewurosed when the teaperatxnee la increased. At flora fluid ia 
foxnod and sore fluid ia heated, hydran 11 rally indooad fi a utmea 
form vitliin the oil abalo £orvartion. 

F ractu res which axe bydraulioally induced within stfctarraceen 
earth fbmaticna tea aLcng planes peorpendAcular to the lease of 
the three principal coapraeei ve aUeseua U-e», one vertical and 
two Mutually perpendicular horizontal ccapxeeaive sUaasen ) wjiich 
exist within any aubbarrunaan earth fnrx a tinn . Bewever, ehaxe the 
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hydraulic fnctOM tend to he vortical, borifnntal ftaclxrrw can 
ba fbraefl by lr>>*;ting he»t*d Oulxto go that tna well* erf the 
vertical fr ACtorco ere heated untU they swell shut. Ob, by 
Increasing the fluid injectico prunsur* tx? greater than craifcuxosn 
pressuro, a horizontal tractate can b» foowct Such pr opog ac^ for 
thraediy i n jurin g the fonewtion of hcrizmtal l Yact SOT C fay 
injecting externally heated and pressurised fluid, are itecribed In 
patents such as the above ssj o t toed U8 Potent Mo, 1,284,781; 1© 
Patant Nb. 3, *55,39l by C.S. Matthsm, P* Vamenrs and C.w. vblek, 
and tB Patent Ho* 3,613,785 by P.J. doasaw. 

Applicants have no* disocMered that when aubatantially 
i irpanra a bl e m^eerrenean oil shalee having the presently f*^^ 
crafrlnaHnn of gxad* and thictesaa mwb cooductiwsly ncateuO an 
presently specified, a *on» of pameohility wi cieoelcped between 
veil* within the oil shale, Alttoogh the present invention la not 
praftiaad on any particular aacfaenisw, in the couree of eueb a 
tr eatm e n t tba heated oil shale behaved aa thnogh It wt scfcjaotfld 
to the abew-doeccibed type of process for thatjaOly ujctocing the 
iormtiao of horlsnritai fractures. Seen a behaviour vn not 
predictable, since the pr*aent process is operated without any 
injection of any fluid. It appears that wnan tba present process is 
eperattfd within an iapazsMble oil i&aIm, tba in aitn gonaradm 
and d&q>laoancnt of boated and highly pressurized fluids o c cur s at 
the time* and to the extents needed to eocceasj vely extend and 
horiaccrtally fia ct u ra through successive portinna of the oil shale, 
wh» those portions bacon ccrdoctively heated. Ifce zona being 
baa tad appears to undergo a relatively uni&scn, horixontai, radial 
cxpapgioD th r o u gh the oil abaia, at the rate eet by tho thanrml 
conductivity of the oil shale, m each successive location in \4tLch 
a Xerogen pyrolyii^ tAqperature la rescued, fluids appear to he 
formed, heated and pressurised an that anbstantially any vertical 
fractures which are fiornad within the basted zona are subsequently 
converted to barixcntal fractures* 

Applicants' teats indicated that sube^entially all of the 
fluid pyrolysU products of the oil shale tended to remain in or 
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rear the locations in which tfwy verre focMd inti j they wax* 
displaced, teonah aifcetantially horizontal fractures, Into wlls 
adjoining tbo bMt-jjrjecUng wdla- In addition, the fractur e 
inthjeijig pteesuio of fluids in the horLssctrtal fractures sxppmaxm to 
5 have* b» redooed as thaw flnicte cxr*nd*3 and *es» ccc-Lad as thvy 
rawed avay fron th* hottaet pcarticmu of the hKttad zone. 

ttua, tha praaent proocaa son to index* tte moving of a zero 
of kaaxjcjen-pyrolyaJng ts^ieratures tha oil ahalft 

i*wa±Lctely behind a acne of Jncallwri £5metnci ng in which tha 

10 fxactuaee or soon becoae>, horirontal fracturwau Qsa boating 
and fracturing acnes sees to ukfergo a substantially enifooo, 
hcr±*antal, radial expansion through tha oil shale, uutU tia* rcn* 
of fracturing reecho* a location (soon as the boratola of a 
production vail) frrn wHich tha oil ahalc pjrrolyeia products <u» 

t3 withdrawn 

in addition, opplixantc have discovered that, at least most* 
tha overburden praasura is mall, tha 20m of paxnedbility that 1a 
croated be twe en adjacent walla rataina a ai^iiHcwrtly high c^tm 
of pcnraability after tha fbsaactiona have cooled. Thus it appears 

20 that, aw if tha uwUu d to i pressors is high* an application of 
tha fueaojit process is capable of forming a weOl-inbsrconnsctirig 
zcoo in which the peteeability remins high or can be readily 
restored by an injection of fluid after mam or all of tha heat baa 
<tl «ri p nffl rt, And, the cages* and location of that oaaewfeility can 

25 be controlled by controlling tha rata of renewing lipid the 
prefacing wells. 

Bte data cbtaiced by naauiracanta in field teste of the type 
described above war* inclusive, oft the thexnal conductivity of the 
oil shels foncetion, the enouat of oil recoverable by Fischer 

30 analysis at various depths within heated interval* of tha oil shal e 
beflora and Altar hunting, the neaaumadt of the am of 
pymlysis proteta reo a M a rsd , and the like. MvLU no oconmiiaitiao 
existed between beet injectors end prodaoera at taat start-up. 
injecticoe at the and of the taat deacoatxated that peqajaJbls 

35 chanooLi had tensed* Bvt result* of standard enginoaxiaj 
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cniodettona wrc ii*Jicat3.wR of the app11om>Uity of a concept, of 
the type tescribiA about to the remit* obtains* by the teats. 

Pigore 5 .Is a 9rapb of FL»c*w Anojty yields, £tua tha targnt 
zcbdc in the fiald test, ao a function of dftpch a. the hcatxsd 
interval oatacdad frca 4.2 to 6 jq. ifay maid curve ahem tte yields 
hHfloT* the heating ti^tnwnt and the. daahed curvs chow* the yieldo 
after ref/xtioq was aanpiatwl. yields bafore and after were 
owPBTttially tha 9m outaido tho hasted interval. He raeufoaant* 
were end* on oocaa fpew the centre of the pattern before heating 
art on cocoa about 13 an away after boating. The variations which 
are apparent in those yields ere within the ami Unite of 
accuracy for the raaaam Ing of oucb va haw. 

Within the heated interval tho Fischer Assay yiaJd drops from 
an average of 20 gallcm/tcrr before the tmst to lees than 2 
gallcna/ton after heating. Iba retorting efficiency within the 
excess* ecna wan thus better tteo Mi of Fischer Assay. 

the pattern and extent of tho recovery ocnfjnai the tact that 
Little oil wis lost ovwx tha producing hoxlrm throagh vertical 
fractures. In addition, tha tniforedty in retorting afficiarcy 
through, the heated zcoe, indicate* that thermal front* vera 
apprcxiJDetely un ifrmn over aost of the heated interval* 

The uriifoaaity of the thaweU fronts le aven man apparant in 
Figarea 6 and 7. Ibsy ahow harixontal and vertical teBpcrat nro 
profiles oakaiiated far a eat of vertical beatare in a fi v e sp o t 
eguarc pattorru lb* aet oaad in the calculations included four haat 
injectors and one centre prodncax (not xhcurx, hot centered between 
the beetore shown on tha fifjoree) . Each heater wee aaaund to ba 
24 n long and hasted at the rate of 814 W/nu 

% (be prof floe in Figura 6 (graphs of temperature variations 
with distance* Trm the heaters) vara calculated along a horizontal 
soatoot I^Ij vidch aztande through -the odd-polar* of heatara at 
opposite coxnara of the square* Figure 7 is a ftiallar graph of 
profiles along a vertical eeojoeot 1^ on the axis of eyenetry of 
tha pattern. 

Such calculations indicate that by the tine) retorting 
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taa*)arature* (275-3215 °C) arc reached at the centre of the pattern, 
note than 87% of ita hn boon converted while only about 14% 

of tbe converted voiuau bat heated to acre than 325 *c. FOrttwnwre, 
tha calculations irdiccte that if toe pcMcx la «-»>-™»* off or 

reduced before the? ocantre bee a tarqwt terpctAtuta eucb *a 

3i5 *C f the 3 rolling off of tbo tbarael Ononis will bant the 

centre ol too pattern to retorting txaparature* and will 
reAjce tbo b BBparatn re rina at the boaters* firie node of operation 
can ensure that Iras than 10% of tba haated voluro is hearted to 
norm than 325 *C, and thus oan increase the thsxnal etticin^cy of 
tl» process. 

In vis* of thd above tast r*wolta and the oaleaUtiona baaed 
on those reaoltOr it appears that, contra to tbo parlor tssobinge 
and beliefs, tba initial lflt*nrsnhtlity of an oil shale deposit can 
bo utilised am an advantage. Ux initial iaeae eaahllifca, confine* 
the fluids and fractnree within the wsll pattern, ainca oo 
paoTsabUity ©data until ths son* betwajn tbe beat-liijactiog and 
flaidhpmixMs; wells becooe pamatad by a pattern of heet-iadbced 
horJjcotal rxactutcse* 

in tbo prasant prvrrm , the rate at Which beat is trenamtted 
into ths oil shale deposit ia etxongly affected by the toopocatuzo 
gradient between a heat-injecting wall and the surrounding earth 
fooaatioo. In a preferred prcce&zns, tha datarsiioBtfona of 
variations trlth depth in tha oospoeitlon and properties of tba oil 
flhala deposit include a aotoceination of tha pattern of heat 
ccw2ucUvity with depth within the earth ftnaaticne adjacent to the 
haat-inj acting wall. Based on such deterainatioae tha teaoeretuwe 
to vdiich at laaat one haee-iirj acting wall it heated are arrang e d to 
ba reOattveiy high ax the depths at which the best oacdQceivities 
of tha adjaoant earth fbxoexion* arc rolattvaly low* Tbdm tends to 
cause tha rata at which heat ia transmitted bhrooah the earth 
Cornationa bo be adapter* tally anifoxn along tbe axis of the 
haat-tnjacting well, noe proa e dore s can be utilized in order to 
provide higher twpexirtoree in portion* of beat injecting wells 
adjacent to earth ftsoretione of relatively low heat conductivity* 



For example. In veils vtilch are being heated by electrical 
resia-taoeee, additional resistant elements can be poaitioned at 
the location at mbieh extra heating li required, preferably vlth 
procautiooa being taken to avoid the creation of "run-eve? hot- 
•pots" due to increasing temperature further increasing the 
resistance and than further Increasing the beating, for example » 
aa described in tba commonly &ssigne4 Canadien patent application 
Serial No. 495, 8»* filed November 21, 19S5, by P. VauHeuxa aod 
C,F. Van Kgmond. In veils being heated by conbuation, wore, or 
larger, or nore heavily fired, burner elements can b» paaitiooed 
io aucb locations. 

Suitable date raloat ion* of compositions and proper tiei 
of the minerals and/or organic components of an oil ehale deposit 
and tba variation* with depth in such properties can be made by 
aeacB of fcnovn vail logging, reservoir aaapllng p and the like 
analytical procedures, the determent! ona c*n utilize previoualy 
naaaured geophysical or gaocbemlcal data, or laboratory or cere 
aaalyeea, etc, For exaeple, the variations with depth in the beat 
conductivity of the adjacent foraatioae can be detereined by 
calculations based on tba kinds and amounts of materials present, 
and/ or by thermal conductivity logging me an are meats, etc. 08 
Patent Bo, 3,607,22? describes a logging tool containing a 
constant output beat source aod three temperature sansore for 
obtaining a log of relative thermal conductivity mltfc dapth. US 
Patent ¥0. 3,a*2,12e describes lodging cased or open boreholes for 
teiperature, specific beat and the real conductivity, employing a 
constant output beat source and three temperature sensors, us 



-20a- 63293-2745 
Patent Mo. 3,664,869 deecribn a logger for oafcing atation 
■eaeureaente o* thermal conductivity by beating a formation Cor a 
tiae then measuring tbe rate at vhieb the temperature deoaye back 
to tba ambient temperature. Ufl Patent Ho. 3,1*1,1*7 describee 
logging tberaal ooodnctieity of a casad wall toy measuring tha 
temperature of tba casing vail before and after passing a beatad 
probe along tba vail. 

Aa indicated above, awn vita respect to a five-epot 
pattern in vblcfc a alogle fluid- p rodeo in g veil la surrounded by 
four beat- injecting valla, eubetantielly all of tba intervening 
oil 
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shale can ba both retorted and mdv tamable, However, the p re sent 
invention is preferably coplnycd in a wuxiw* ot canrigcras seven- 
or thjrtecD-spot patterns — in cithar of >*Mcb patterns 
(par ticula rly in tn* thineen-epot pattern) the retorting rata* in 
ai njnfir antly increased by having each f Ujid-piOfU?ing well 
surrorafcd by six or twelve heat- injecting velle. 

The veils used In the presort process can be cospleted by 
aubetaotially any nathod for cM33irjg a borehole into and/or 
opening a pre-m -i s tin g borehole into Hutfl fxramicartioo vilh the 
subterranean oil ahala ioraation to be used as an oil 4h»la 
tzeataent interval. In addition to having tbc specifiod absence of 
yjgni fiennt anoonta of xnbila water; chjcJcness, and grade of oil 
shale, the interval to Wiich the present process is applied sboaifl 
be capable of confining Hold at least aobetantially within the 
treatnent interval, at least in respect to allowing no ei^iificant 
leakaoa into overlying kxartionc when the proaom of the fluid 
reaches p r o ce ss pressurer and fractures the f conation \d.thia the 
treataartt interval. The boreholes of walls rnrplehad tor use in Che 
presort, process should bo oiwtantially pnffiAlal aod separated by 
substantially equal distances of at least about 6 n. Borehole 
sepoxatiun distances betMeen injectors and predacsca of fron about 
9 to a are particularly suitable norflholes free of deviations 
fran parallel, which canes variations of sore than about 20 per cent 
oi the *?11 distances are particularly suitable. 

Da the heat-injecting wells used in the present process* the 
rrwm- or oasant-llka sabarial which is used to seal along tbu face 
of the oil shela fiorwticn in preferably relatively he at *cc ad DCtlve 
and substantially nuid«inpanntehle. Particularly preferred osrents 
ara at&hi at taopanatorcs of at least about 800 *C, have a 
relatively fai^h thmmnl conductivities, relatively low pemavfrll Ity, 
littio or no shrintoge# an adequate ease of pvopebility and good 
creed cal resistance, etc. The pejraaabttity and disposition of the 
sealing notorial should provide a seal capable of preventing any 
significant aaosrt of fluid flow be b wa an the interior of the 
tcnehole and the face of the oil shale IlmuuLL od, bo that the 
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tranwfar of heat free* the wuli to the ronaxticn ia antamaaitielly 
wotiimJy by acortuctlcn. Hfezo portion* of tbd heat-ij>;)«ctiog wall 
borehole awf sffectivoJy increased In disrates Dear upper and lower 
cxtrcaitiM of thu bwtawt interval, for example, )>y vntor- 
5 redwing, the diauatars of tha incraaaad portjona are preferably at 
ieaat aim 110% of the noaanai torahoU dimeter. Calcixa 
aJinirata ■b o nde d coocretes and/or conacrta oontoiniog almina- 
eilioata oggragetaa (ox fine parUcJ.ee) are particularly auitablo 
Tor uao as such foosticn ffaar-*a*ltng Jorterriala, I^Ijw of 
10 suitable omenta aod concret e s include thosa described is as 

patent* such as 3,379,252; 3 r 507,332 oal 3,595,642. 

Figure 8 above a portion of a hcat-injocting wail l xu reh oie, 
borcholo L f vfeica ia sanVtabte far us© in the present Invention and 
ia located within a troataant intarval of aubt erow em oil shale 

25 aepcw.t. ftorehole 1 ocntaina wnlaxgwd pjrticoa, wch as p ortirre e 2 
and 3, which can be totwed by coEwcDtional procedures such as 
untorraaadng during dri 1 ling, etc. & caeing 4 ia shown positioned 
within the baoahol* end onntad into plaoa wit* a fluid- 
ixpenreablo, hoat-^coAjetive Material, each aa oaunt* 

20 Within each enlarged borehole portion, tfao casing 4 ia 

equipped with at l***t one hj^t-ccrctetiv* fetal elsneot, socb as 
collar 6, containing radially axtecaivw mlmmntm or portiona, auch 
aa flexible natal raters 7. Boch hcatrooreSuctivo trttniftla fom 
rolstivaly highly condnctive pa the finr cond u c t ing heat fire* within 

25 the- Interior of a borehole to substantially tfaa wail of an enlaroad 
portion of the borehole, Qunplos of suitable heatroonduotlve xstal 
alaxaBta incloda natal wall acratchera, torhnlence irritoera, 
centcaliaere and th* lite such as a aaanar-Lok Ttirbobondar, or 
Boltlck TUrhobondar, available from Bakerlizw division of Bate OU 

J0 tools or a 101 Bar 8 ocntrelisur available- frcn Antalopa Oil Tbol 
aitf Menntacturlng Gcepany# etc. 

with an arwng s awt of the type shown in Kigcre 8, at' least to 
acne wrtuot, the front of beat tranesitted away fro* a heefc- 
inj acting well am be ande son undone* along a vertical line 

35 traversing a layer of relatively low heat conductivity without the 
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necessity of teuntatning a higher taaparature id the portion of the 
well adjacent to that layer. «wn a imifoao taa^tature iu 
wvnntrtlnftrt within the interior of the borehole, the smrfcb fonwtion 
face along *uch <m enlarged portion of the borcbolo bcooaw banted 
to *ub*k*otlaHy the aaac bsfrcxtnxe as the fcijeUoa face along 
narrower portirnn of the bopabole. Since t*w fm of Che foraatioa 
adjoining the borehole is haatod to the highest tenperatara of any 
portion in the faraaUon, the tegyeapetMrc gradient erteodin? 
radially away from the enlarged portion of the bora-bole ie shifted 
radially away £ra% the borehuJ*» 

Tti general, the hnarlng of tha interior of the heet-iTtjecting 
v»H coo be eaxapUshed by substantially aoy type of besting 
aevioe f such as cortnietim ansVor electrical type of hn^i^ 
olemnit*, or the likt. lb* beating eOaoant should extend 
eobAteotially throughout r±a& tasarbaent interval (preferably 
throjojsaot at ]«wt about 80 per cent of that icrturval) . Where a 
oc ri DuatlOB type heating elssent is aeed, a gas-fired heater la 
proferrod. Tha fbel asd oxidants dor a o o n tue t i c fl heater Isucb as 
Rttthenft and oxygen) arc preferably supplied trough separate 
condkiite leading through a heat rxrtwtjwr in whioh the fnmrring 
fluids are heated by the outtUacing ccotottai products* too burner 
iicoaing and fluid conduits of a combustion heater are preferably 
installed vtithln a wall conduit vfalofa ie turrorjooad by en annular 
apace that ie filled by the ceaent tor sealing the face of the oil 
shala. Generally suitable types of oorfaosl Io n heater* which could 
be arranged for use Id the present prooaea are deai i uaed in 09 
Patents each ee 7,670,802) 2,780,450 end 2,902,270. 

An electrical resistaaao heater la particularly suitable for 
heatixq the interior of a hea t - in jecting wall in the present 
process. A plurality of assitftanoe olaturtri are preferably need. 
Tba n-edatenee elananta can be ■ountad within or external to an 
internal condu it or cod* or ideply extended into the borehole, When 
tba resistances are external to, ox are free of a supporting 
m\*mmm+ , aucb as a conduit or rod, they are preferably eafaadoed in 
the ccxent which seals the face of the oil shale along the 
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MTYftTflfif interval, GwnvUy suitable types of electrical hatters 
which could be arranged fbr qm Jn the present vcocax ore 
deacrttsed in us Patents such a* 2,«72,445r 2,<M,063, 2,670,802? 
2,732,195 and 2,9*4,826. 
5 In various reservoir situations, portions of on ail nhaJji 

deposit Wiich would, in gsneTjal, he suitable far u*a a* a ttutnot 
interval r as dasnri bad io cur p»rmt application oey bo pfcraaeted 
by nauural fracturea and/or plana* of weakness. Ouch relatively 
vMk rocXa way iraSexgo relatively long extaoaiens of vertical 

IQ fracture* when pressurised ClulxSfl biting alaplaoed away fixun an 

injection wall otA«e into tbsa. This wcy result in expending fluid 
passageways )»yord tJio oceninga into prorturtJon <mV* anrVor into 
adjacent aquifera capable of causing an Inflow o£ water to mo 
oxtsnt OHtriawrtal to tha oil recovery process. 

J s we have du* diaucvered that each preaetuxe fracture esoensions 

can be avoided by drilling aod banting "guard walla* witrdn auch 
relatively weak oil ciialo zoom la location* aurreuoiin^ a pattern 
of heat injecting and fluid producing wells aod/or Id looatiope 
intexn d ttant between a heat in j acting or fluid producing well aod 

20 an adjacent aguirar. Such guard walla axe used for oondoctively 
heating Che adjoining fbrmtiooa aubatantUlly bhrqeghont the oil 
n>iala interval bo be treated bo a b c ayexatffltt which is too low to 
gasify aignificaot proportion* of the oil shale organic oe p pon e nta 
bat is hi^n trough to onus* a <tiyiifirant tbarael expansion of the 

25 rocke. t*an thee* rocks axe heated the natural fractures are kept 
closed and tba fracturing ceased by the approaching pcesscrriaed 
fluids (displaced away tea heat-iirJactiDg walla) taoda to be 
Hrritrtl to horizontal fxactnraa conoantratad along the eidaa neexeet 
to the hert-iirjactlng wells. Mere fluid producing utile ere 

30 located aabatentially between tba beat- injecting walla and the 

guard wells, the Jr e ct u reo arc preferentially ettt eeda d into those 
wells, where the high fluid proasures are quickly radioed by the 
production of the inflowing fluid. 

Tha encountering of each relatively weak reservoir rocks ie 

35 apt to be Indicated by on inflow of water into vella drilled into 
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such locks, us gaaaral, the natural fieactan» cr Rating o rwhxXAv* 
wwfcnew and/or water inflow can bet theanally olooad by a 
«LUti\*3y viia htctinq, an long «w tho fsactaro poroaity i* oot 
sect* than afcojt 5 par c«n£* 
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CLAIMS 

L. In a process In which oil in pro aa c a d fma a vAtemnnn oil 
Ahale deposit by extending at luoat one each of beet-injecting and 
flaid-prrducing into the deposit, establishing a beat- 

conductive fluldy ii^aii i eab lp barrier bstvsem the intarior of each 
he*t-in}coting w»U and the adjacent depoait, and than halting th» 
interior of each heat-injecting wall at a tacpaxztara eurfirriant to 
uonductivedy beat oil shale terogaj and oauss pyrolysis product* to 
ftam frcturee within the oil shale deposit through which too 
pymlysia products aro displaced into at laaat one production well, 
an fraproBraent for enhancing' the* ini fnraity of the haat fronts 
noviog through, the oil ahale deposit, which onxarlanai 

datexxdmng variationa with depch is the cojrx*itjc*\ and 
properties of the oil ahale deposit; 
oao^leting said beat-injecting and flul d - pcod aciiig well* 
selectively into a troataant Interval of oil ahale in which 
the oil shale deposit (aj la at least about 30 jo thick, (b) is 
scfestantiallY iapextauhXe and free of aobUa uater, (c) has a 
occyoaitloo, aod thickness each that the pxodnct of the auerago 
Piechsr Assay grade tines the th ickness of the treabaent 
interval ie at laaat about 900, and W) thereby ccntwna 
oaapenents capable of interacting in a tenoar enhancing the 
tanifotndty of a front of oonxtotivoly transmitted heat, with 
aaid wells being arranged ao that, at least substantially 
chxroghgqt aaid treaooant interval, the well boreholes are 
substantially parallel and are se parated by substantially 
egu&X distances of at least about 6 au and 
within the interior of each heat-infecting well wdnUining an 
average baapexature idiich, eelscfcisely along said treetnent 
intarvaXr is at least about 600 *c, hot is not high enough to 
theoaily dareoe cojri p nen t within the wail, whilst teat is 
being transmitted away from the well at a rate not slgnl- 
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Mcently f astar than that permitted by the thusml nan- 
Activities of the earth rnmwtiena ad]*UB/it to tba heated 
interval %ntMn Un well. 

2. The proewts of clais 3 in which, to the extant reared to 
keep the rntw «ct which hat is tapwnrftted tdhrcpgh the oil Sfclle 
deposit substantially uolfueti along thi; axes of tta heated interval 
of the heat-irtfecting veil, the bapatatma at which at 

least ono hent-injerting well is heated la relatively higher at 
cepth* adjacent to portion* of the oil shale deposit in which the 
host conductivities arm relatively lover, 

3. 9% process of claia 1 in which the rata of hasting the 
intariar of at least one heat-injecting well is varied to an extent 
causing on affective Impelling off of Che cheunl trace so that chs 
rata of advance tittt&xjh the oil shale of the thaxrul front fte 
ocntUaoed at aJwtantlally the am rate while the eats of Increase 
of the t*a$areture within the boseholo is significantly rodnoed. 

4. She proas* of elaiai 1 is which the heetpjnjeeting end 
fluidrprod^cing wlls are arranged in a oeriee of contiguous 
patterns lo which each fluid-producing veil is aurjojaaad by at 
least four heat-injecting wells. 

s* The pveoaae of c?ain 4 1q which each xluldV^codicing mix Is 
sorroundad by twelve heat- in jeu ting well** 
6* ^e process of claijo i in which the oil thalc grade is at 
least about 20 gallon* per ton and the grada-thictoesa protect ia 
at least about 450fl» 

7. Die process of claia i r ccepriaing the stapa of 

in each heat-injecting well , a abatanfcl aJJy t hcoon j boot the 
tr e atx aa m interval, aaalisg the face of the oil ahale focntion 
with a solid nmtarial which ia relatively heet-coodtictive and 
ca#>o* wryfiniiy f\niA lxpanoaablef 

in at least one heeA^lnjectlng well increasing the effective 
diameter of the booahola in at least one portion of the treatment 
interval and aattarettng at least one haars-ooodoctiae metal elooant 
tan within the Interior of tho borahola to naar the face of the 
oo-oilarged portico of the boretolex, and 

in each Iluld-pcoduslng well, nfcetantially tteooghout the 
tieatiaait interval, establishing fluid ccanunicettan between the 
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mV bore wd the oil shale fom/frlfin and arranging the well for 
prodbdnq fjuid froa the oil shale fcrodoo. 

8. The process of daix 7 in vhich the awtaadal —ling the face 
of thfir oil fihai* f carnation alcno th» boratel* oil a beat-in^otlng 
well 15 a oevBut arranged to fill substantially all of the space 
b e l%a e« \ the outonuttt aatallic olataatt* vithlo tho interior of tbo 
borehole a«3 face of the oil anal* rc*navion/ viOv saw oar^mt 
having a thnaal conductivity at Jeejrt m*»tantially aa bigb aa 
that of tho oil tihalb faroatinn. 

9. The process of olaia i in utxich at least cna vail located cear 
ao edge of a pattens of fcaat-inj acting and Huir>-prodocincT walla is 
extardad afcstantially throughout the trastaent interval cad haurtad 
at a tcrparfttura hi^i tirocgh to cnuaa a tiamU a»ajending andVor 

c oppressive strewing of tho adjaoant aartb foxnatiooB bot leaf 
enough to avoid significant tharneJ sobillrmtiack at organic 
eOBaaoaanta of the oil ahela. 

10. the prooora of claim 9 in which at least ooa ao heated veil is 
sdpc eq uoatly heated at about Urn taaporafaprB selected toe tte 
heating of the haat-in)ectiog walls being employed. 

11* Che pcoosaa of claim 1 in which the *mll boreholes of amid 
haat-injautim and fluid Draining walla are aapexatad by 
substantially equal distances of about * to 30 a. 
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afaila oil 1» «sbs9Qtiantly p tod a oad txm a fttonDen 
interval of oil shala, *tor© the interval is initially 
substantially inparroabia and contains a apadUCAad gcada and 
thictaesa of oil rfvala. Said interval ia conduct iwaly haabad ten 
hsr*bol« iMariora wfaicb are fcapt hotter tfcan aboot fiOO •c and art 
boa tod at a rats aodfc that kerogsn pyxolysla product * forced id.thin 
tha oil abala czuti and flo* throjqh horizontal frarrtiima *hich 
aubaaquaotly baocno tnrtaadad Into fiuid-^xoAjclDg valla that are 
positioned la apacjfiart looatiom* 



